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A T a b l e  o f  A r e a s  Under  D i s e a s e  P r o g r e s s  Curves  3 
Denn i s  A. J o h n s o n  and  Roy D . \ W i l c o x s o n  
I n t r o d u c t i o n  
D i s e a s e  p r o g r e s s  c u r v e s  i 1 1 ~ ~ s t r a  t e  e p i d e m i c s  and  r e f  1 ect  t h e  e f f e c t s  o f  
t h e  s e v e r a l  f a c t o r s  t h a t  lence t h e  deve lopmen t  o f  d i s e a s e .  With 
a p p r o p r i a t e l y  p l a n n e d  e x p e l  ; d i s e a s e  p r o g r e s s  c u r v e s  may b e  u sed  t o  
compare  t h e  e f f e c t s  o f  cul,,,,,,, r a c e s  o f  t h e  p a t h o g e n s ,  o r  i n d i v i d u a l  
e n v i r o n m e n t a l  f a c t o r s  by means o f  p r o b i t s ,  i n f e c t i o n  r a t e s ,  s l o p e s ,  a r e a s  
u n d e r  t h e  c u r v e s ,  and  p e r h a p s  w i t h  o t h e r  p r o c e d u r e s  ( 9 ) .  The p u r p o s e  of  t h i s  I 
b u l l e t i n  i s  t o  p r o v i d e  t a b l e s  o f  a r e a s  u n d e r  d i s e a s e  p r o g r e s s  c u r v e s  (AUDPC) 
when t h e  ( p r o g r e s s  c u r v e s  w e r e  c o n s t r u c t e d  from d i f f e r e n t  numbers o f  
o b s e r v a t i o  e p i d e m i c s  a t  d i f f e r e n t  time i n t e r v a l s .  W e  have  a l s o  i n c l u d e d  
some exam1 rom o u r  own s t u d i e s  t o  d e m o n s t r a t e  how t h e  v a l u e s  from t h e  
AUDPC t a b l e s  m l g h t  b e  employed i n  a  p r a c t i c a l  manner .  
The a r e a  u n d e r  t h e  d i s e a s e  p r o g r e s s  c u r v e  (AUDPC) h a s  been  u sed :  A. To 
p r e s e n t  t h e  deve lopmen t  o f  p l a n t  d i s e a s e  e p i d e m i c s ;  B. To i n d i c a t e  t h e  s l o w  
r u s t i n g  c h a r a c t e r i s t i c s  o r  o t h e r  t y p e s  o f  r e s i s t a n c e  of  c u l t i v a r s  i n f e c t e d  
w i t h  v a r i o u s  f u n g i ;  and  C. To s t u d y  t h e  s p o r u l a t i o n  o f  p a t h o g e n i c  f u n g i  i n  
t h e  f i e l d .  S i n c e  AUDPC i n d i c a t e s  i n  a  s i n g l e  s t a t i s t i c  b o t h  t h e  s e v e r i t y  o f  
d i s e a s e ,  o r  t h e  abundance  o f  t h e  p a t h o g e n ,  and  t h e  r a t e  a t  which t h e  d i s e a s e  
o r  p a t h o g e n  i n c r e a s e d  d u r i n g  t h e  c r o p  s e a s o n ,  i t  s h o u l d  f i n d  wide 
a p p l i c a t i o n  i n  p l a n t  d i s e a s e  s t u d i e s .  
AUDPC was f i r s t  u s e d  i n  1363  by V a n d e r p l a n k  ( 2 4 )  t o  s t u d y  l o s s e s  i n  
y i e l d  d u e  t o  whea t  stem r u s t  and  h a s  been  u s e d  i n  s i m i l a r  s t u d i e s  by 
Buchenau ( 2 ) ,  S c h n e i d e r ,  e t  a l .  ( 1 6 ) ,  S i n g l e t o n  ( 2 1 ) ,  Romig and Calpouzos  
( 1 5 )  and  Johnson  and  Wi l coxson  ( 7 ) .  The v a l u e  o f  AUDPC i n  y i e l d  l o s s  models  
h a s  r e c e n t l y  been  r e v i e w e d  by Ca lpouzos  e t  a l .  ( 3 )  and  by James and  Teng 
( 6 ) .  AUDPC h a s  been  u s e d  t o  e v a l u a t e  t h e  s l o w  r u s t i n g  c h a r a c t e r i s t i c s  o f  
s p r i n g  w h e a t s  and  b a r l e y  i n f e c t e d  w i t h  s e v e r a l  d i f f e r e n t  r u s t  f u n g i  ( 5 ,  8 ,  
10, 1 3 ,  14,  2 2 ) .  It h a s  a l s o  been  u s e d  t o  s t u d y  t h e  i n h e r i t a n c e  of s low 
r u s t i n g  i n  whea t  i n f e c t e d  w i t h  t h e  stem r u s t  ( 2 2 )  and  l e a f  r u s t  ( 5 )  
p a t h o g e n s  and  i n  b a r l e y  i n f e c t e d  w i t h  t h e  l e a f  r u s t  p a t h o g e n  ( 8 ) .  I n  
a d d i t i o n ,  i t  h a s  b e e n  u s e d  i n  s t u d i e s  on  t h e  s t a b i l i t y  o f  s l o w  r u s t i n g  i n  
whea t  i n f e c t e d  w i t h  s t e m  r u s t  ( 2 3 ,  2 5 ,  2 6 ) .  AUDPC was u s e d  t o  s t u d y  t h e  
r e l a t i o n s h i p  be tween  t h e  m o r p h o l o g i c a l  c h a r a c t e r i s t i c s  o f  whea t  p e d u n c l e s  
and  s l o w  r u s t i n g  o f  whea t  i n f e c t e d  w i t h  stem r u s t  ( 1 1 ) .  Area  u n d e r  t h e  c u r v e  
was u s e d  by S h e a r e r  and  Wi.lcoxson ( 1 8 ,  1 9 ,  20)  t o  summar ize  d a t a  on t h e  
s p o r u l a t i o n  o f  S e p t o r i a  s p e c i e s  i n  s p r i n g  and  w i n t e r  w h e a t s  and  r y e  and i n  
s p r i n g  b a r l e y .  
D e s p i t e  t h e  f a c t  t -he  AUTIPC h a s  been  u s e d  i n  s e v e r a l  d i f f e r e n t  k i n d s  o f  
s t u d i e s ,  i t s  u s e  h a s  n o t  been  w i d e l y  a c c e p t e d .  The d i f f i c u l t y  e n c o u n t e r e d  i n  
c o n s t r u c t i n g  d i s e a s e  p r o g r e s s  c u r v e s  and  c a l c u l a t i n g  t h e  a r e a  u n d e r  t h e s e  
c u r v e s  may d i s c o u r a g e  some r e s e a r c h  w o r k e r s  f rom u s i n g  t h i s  method o f  '. 
c h a r a c t e r i z i n g  p l a n t  r e s p o n s e  t o  d i s e a s e .  AUDPC c a n  be c a l c u l a t e d  w i t h  t h e  
a i d  of  compu te r  p r o g r a m s ,  b u t  some may n o t  b e  f a m i l i a r  w i t h  o r  have  a c c e s s  
t o  a computer  ).- t h e  program.  O t h e r s  may f e e l  t h e y  have  t o o  few d a t a  t o 4  
w a r r a n t  t h e  11s~ a f  compu te r  f a c i  1 i t  i e s .  
The computer program used f o r  c a l c u l a t i n g  t h e  v a l u e s  o f  AUDPC shown i n  
t h i s  b u l l e t i n  was s e l e c t e d  and checked f o r  a c c u r a c y  by S h e a r e r  ( 3 7 ) .  The 
c a l c u l a t i o n  of AUDPC i s  g i v e n  by t h e  fo rmula :  
a r e a  = f ( x )  
where t 1 = f i r s t  s ampl ing  d a t e  
t = l a s t  s ampl ing  l a t e  
f t x )  = f u n c t i o n  d e s c r i b i n g  change of d i s e a s e  w i t h  t ime.  
S i n c e  f(x) i s  o f t e n  n o t  known, AUDPC may be e s t i m a t e d  by summing we igh ted  
datum o b s e r v a t i o n s  w i t h  t h e  a i d  of F o r t r a n  IV s u b r o u t i n e  AREA and t h e  
s u b r o u t i n e  INVERT of Davies  ( 4 ) .  D e t a i l s  on how AREA c a l c u l a t e s  t h e  a r e a s  i s  
g i v e n  i n  Bevington ( 1 ) .  
How t o  Use t h e  T a b l e s  
The d a t a  shown i n  t h i s  b u l l e t i n  were c a l c u l a t e d  a s  i n d i c a t e d  above.  The 
t a b l e  shows d i s e a s e  s e v e r i t i e s  f o r  two o r  more o b s e r v a t i o n s  d a r i n g  t h e  
development o f  t h e  ep idemic .  The v a l u e s  f o r  AUDPC a r e  l i s t e d  under  t h e  days  
between t h e  o b s e r v a t i o n s  o f  d i s e a s e .  Thus ,  from d i s e a s e  s e v e r i t i e s  t a k e n  a t  
a p p r o p r i a t e  t ime i n t e r v a l s ,  t h e  a r e a  under  t h e  d i s e a s e  p r o g r e s s  c u r v e  can  be 
determined by u s i n g  t h e  t a b l e .  For  example ,  i f  d i s e a s e  s e v e r i t i e s  f o r  a  
g i v e n  c u l t i v a r  o r  ep idemic  were lo%,  30%, and 70% a t  a  4-day i n t e r v a l ,  one 
would r e a d  o f f  AUDPC on Page 21 a s  f o l l o w s :  f i r s t  d i s e a s e  e s t i m a t e  = lo%, 
second d i s e a s e  e s t i m a t e  = 30%, and t h i r d  d i s e a s e  e s t i m a t e  = 70%, and AUDPC = 
280. The v a l u e s  o f  AUDPC may be c a l c u l a t e d  o r  checked manual ly  by drawing 
t h e  d i s e a s e  p r o g r e s s  c u r v e  and t h e n  summing t h e  a r e a s  of t h e  t r i a n g l e s  and 
r e c t a n g l e s  i n d i c a t e d  i n  F i g u r e  1. 
Example No. 1 - A Study  o f  AUDPC and Y i e l d  of  Win te r  Wheat C u l t i v a r s  
The a r e a  under  t h e  d i s e a s e  p r o g r e s s  c u r v e  (AuDPC) was used t o  s t u d y  
y i e l d  l o s s e s  due t o  P u c c i n i a  r e c o n d i t a  f .  s p .  t r i t i c i .  Three  wheat c u l t i v a r s  
were sown i n  &row p l o t s  12 f t .  l ong  on a n  Abi lene ,  c l a y  loam s o i l  a t  
C h i l l i c o t h e ,  TX. P l o t s  were i n  a  s p l i t  p l o t  d e s i g n  o f  10 r e p l i c a t e s .  The 
two borde r  rows o f  t h e  main p l o t s  were  i n o c u l a t e d  w i t h  an o i l  s u s p e n s i o n  of 
u r e d i o s p o r e s  of  P u c c i n i a  r e c o n d i t a  f .  s p .  t r i t i c i  ( ~ v i r u l e n t / V i r u l e n t  
formula :  LR 2A, 2D, 1 6 ,  1 7 ,  19/LRI ,  3 ,  3B, 9 ,  1 0 ,  1 1 ,  1 8 )  o r  t h e  main p l o t s  
were kep t  d i s e a s e - f r e e  by s p r a y i n g  p l o t s  w i t h  Di thane  M-45. The s u b p l o t s  
were t h e  c u l t  i v a r s .  F u n g i c i d e  s p r a y i n g  began 10 days  a f t e r  i n o c u l a t i o n  and 
was c o n t i n u e d  once a  week. 
About t h r e e  weeks a f t e r  i n o c u l a t i o n ,  r u s t  had developed s u f f i c i e n t l y  i n  
t h e  two c e n t e r  rows of t h e  i n o c u l a t e d  p l o t s  t o  beg in  a  s y s t e m a t i c  a s sessment  
of l e a f  r u s t  development by e s t i m a t i n g  l e a f  r u s t  s e v e r i t y  w i t h  t h e  modi f i ed  
Cobb's  scale ( 1 2 )  a t  10  day i n t e r v a l s .  The growth s t a g e  of t h e  c u l t i v a r s  was 
r ecorded  u s i n g  t h e  Romig s c a l e  ( 3 ) .  A t  t h e  end of t h e  e p i d e m i c ,  AUDPC was 
determined from t h e  T a b l e  i n  t h i s  b u l l e t i n .  Rus t  d i d  n o t  n o t i c e a b l y  i n c r e a s e  
a f t e r  t h e  f o u r t h  d i s e a s e  s e v e r i t y  r e a d i n g  ( e a r l y  dough s t a g e  of g rowth)  
because of h o t  and d r y  w e a t h e r .  The g r a i n  r i p e n e d  soon a f t e r w a r d s  and t h e  
f o u r t h  d i s e a s e  s e v e r i t y  r e a d i n g  was t h e  l a s t  r e a d i n g  used i n  d e t e r m i n i n g  
AUDPC . 
Fig. 1 Example of Manual Calculation of 
Area Under the Disease Progress Curve (AUDPC). 
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The g r a i n  f rom t h e  two c e n t e r  rows o f  e a c h  p l o t  was h a r v e s t e d  when 
r i p e .  The y i e l d  r a t i o :  w e i g h t  o f  y i e l d  of d i s e a s e  p l o t / m e a n  w e i g h t  o f  y i e l d  
of d i s e a s e - f r e e  p l o t s ,  and  t h e  1000  k e r n e l  w e i g h t  r a t i o :  w e i g h t  o f  1000 
k e r n e l s  o f  d i s e a s e d  p l o t l m e a n  w e i g h t  o f  1000  k e r n e l s  a f  d i s e a s e - f r e e  p l o t s ,  
were  c a l c u l a t e d .  
The d i s e a s e  p r o g r e s s  c u r v e s  and  t h e  g rowth  s t a g e  o f  t h e  c u l t i v a r s  
d u r i n g  t h e  e p i d e m i c  a r e  shown i n  F i g u r e  2 .  AUDPC, y i e l d  r a t i o ,  and  1000 
k e r n e l  w e i g h t  r a t i o  o f  e a c h  c u l t i v a r  a r e  l i s t e d  i n  T a b l e  1. D i f f e r e n c e s  
among t h e  c u l t i v a r s  we re  a l l  s i g n i f i c a n t  ( P  = 0.05) .  
TAM W-101 r u s t e d  more s l o w l y  t h a n  Newton. The low AUaPC v a l u e  o f  
Blueboy 11 c a n  n o t  b e  a t t r i b u t a b l e  t o  s l o w  r u s t i n g ,  b u t  t o  r a c e  s p e c i f i c  
r e s i s t a n c e  t o  l e a f  r u s t  r a c e s  p r e v a l e n t  d u r i n g  t h e  b e g i n n i n g  o f  t h e  
e p i d e m i c .  A r a c e  v i r u l e n t  o n  Blueboy I1 i n f e c t e d  t h e  p l a n t s  d u r i n g  t h e  
l a t t e r  p a r t  o f  t h e  e p i d e m i c  ( F i g u r e  2 ) .  
T a b l e  1. Mean Area  u n d e r  t h e  D i s e a s e  P r o g r e s s  Curve ,  Y i e l d  R a t i o  and  
1000-Kernel  Weight  R a t i o  o f  T h r e e  W i n t e r  Wheat C u l t i v a r s  
I n f e c t e d  w i t h  P u c c i n i a  r e c o n d i t a  f .  s p .  t r i t i c i .  
- - - - --- 




V a l u e s  i n  t h e  same column n o t  f o l l o w e d  by t h e  same l e t t e r  a r e  s i g n i f i c a n t l y  
d i f f e r e n t  (P = 0 . 0 5 )  a s  de t e rmined  by D u n c a n ' s  m u l t i p l e  r a n g e  t e s t .  
Example NO.  2 .  E v a l u a t i o n  o f  AUDPC o f  S p r i n g  Wheat C u l t i v a r s  
AUDPC was u s e d  t o  e v a l u a t e  t h e  s l o w  r u s t i n g  c h a r a c t e r i s t i c  o f  t h r e e  
c u l t i v a r s  o f  s p r i n g  whea t  i n  a  f e r t i l i z e r  e x p e r i m e n t  a t  Rosemount ,  M N ,  i n  
1979.  The e x p e r i m e n t  was l o c a t e d  i n  a  f i e l d  t h a t  had  b e e n  u s e d  f o r  a 
f e r t i l i z e r  f a c t o r i a l  e x p e r i m e n t  e a c h  y e a r  s i n c e  1959.  The p l o t s  we re  7.7 X 1 9  
m i n  s i z e  and t h e r e  we re  f o u r  r e p l i c a t e s  w i t h  t h e  f e r t i l i z e r s  b e i n g  t h e  main  
p l o t s  and  t h e  c u l t i v a r s  t h e  s u b  p l o t s .  I n  t h e  s p r i n g ,  363 k g  o f  NH4N03, 312  
kg  o f  P205,  and  335 k g  o f  K 0 w e r e  s c a t t e r e d  by hand on t h e  a p p r o p r i a t e  p l o t s  
and t h e n  t h e  f i e l d  was 2 i s c e d  and  p l a n t e d .  The s p r i n g  wheat  ( T r i t i c u m  
a e s t i v i u m  L.)  c u l  t i v a r s  Lee ,  M a r q u i s ,  and  T h a t c h e r  were  e a c h  p l a n t e d  a t  t h e  
- 
r a t e  of  90 k g  o f  s e e d  p e r  h e c t a r e  a s  a  s t r i p  2.4 m w ide  i n  e a c h  f e r t i l i z e r  
p l o t  d u r i n g  t h e  f i r s t  week o f  May. The c u l t i v a r s  we re  c h o s e n  b e c a u s e  Lee was 
known t o  r u s t  a t  a  m o d e r a t e  r a t e  w i t h  s t e m  r u s t ,  M a r q u i s  t o  r u s t  r a p i d l y ,  and 
T h a t c h e r  t o  r u s t  s l o w l y .  Leaf  r u s t  ( P u c c i n i a  r e c o n d i t a  f .  s p .  G t i c i )  was 
--- 
p r e v e n t e d :  f rom d e v e l o p i n g  i n  t,&e p l o t s  by s p r a y i n g  w i t h  t r i a z b u t i l  
( 4 - b u t y ] - 4 ~ - 1  - , 2 , 4 - t r i a z o l e )  ( I n d a r  , Rohm and Haas Co. ,  P h i l a d e l p h i a ,  PA 
19105)  a t  t h e  r a t e  of  877 m l / h a  when p l a n t s  were  2 weeks o l d .  When p l a n t s  
were  i n  t h e  e a r l y  b o o t  g r o w t h  s t a g e ,  t h e y  were  i n o c u l a t e d  w i t h  f r e s h l y  
c o l l e c t e d  u r e d i o s p o r e s  o f  P u c c i n i a  g r a m i n i s  f .  s p .  t r i t i c i  r a c e  15B2-TLM 
suspended  i n  S o l t r o l .  Stem r u s t  s e v e r i . t y  was e v a l u a t e d  o n c e  week ly  b e g i n n i n g  
a b o u t  one  week b e f o r e  i n o c u l a t i o n  and  t h e n  f o r  f o u r  weeks a f t e r  i n o c u l a t i o n  
w i t h t h e a i d o f t h e m o d i f i e d c o b b  Scale (12). The rus t sever i tyda tawere  converted 
Fig. 2 Disease Progress Curves of Three Winter Wheat Cultivars 







1 A 0 
~ i m e ~  190 
Growth stageb 11 
a ~ a y s  from planting 
b~orn ig  Scale: 
11 = Awns just showing 
16 = Beginning of flowering 
21 = Kernels near middle of head % formed 
27 = Early dough 
to AUDPC from the table in this bulletin. Analysis of variance was used to 
help interpret AUDPC values in the various treatments. 
Stem rust was severe in the fertility plots (Figure 3). In each 
fertilizer treatment Thatcher rusted slowly, Lee at a moderate rate, and 
Marquis rapidly (Table 3). These rusting characteristics of the cultivars 
were readily identified and agreed with previous reports. Of the fertilizer 
treatments, only nitrogen ( N H ~ N O ~ )  significantly affected stem rust 
development (P = .05); it increased the average value of AUDPC from 588 in 
plots that were not fertilized with NH4N03 to 645 in plots that were 
fertilized. 
Table 2. Mean Area under the Disease Progress Curve When Three Spring Wheat 
Cultivars Were Grown in Fertilizer Plots and Infected with Puccinia 
graminis f. sp. tritici. 
- - -- - -- 
a 1 Fertilizer- AreasICultivar- b /  










Fertilizers applied at following rates: NH NO 36: 4 3 a P 2 0 5  312 kglha, K 2 0  335 kglha. 
Data are averages of 4 replicates. Differences due to cultivars and 
applications of NH NO were significant (P = .05). 4 3 
Conclusion 
Area under the disease progress curve (AUPDC) has been used to study 
the effects of disease on yields, to evaluate slow rusting in cereals, to 
study the inheritance of slow rusting, and to evaluate sporulation of 
Septoria species growing in the field. Despite its apparent usefulness, 
AUDPC has not been widely used in the study of epidemics of plant disease. 
We hope that - the tables in this bulletin that provide AUDPC for many 
different epidemics will facilitate a greater use of this useful statistic. 
Fig. 3 Disease Progress Curves of Three Spring Wheat Cultivars Infected with 
-- - 
Vuccinia graminis f. sp. tritici in Plots Ferti!ized with NH4N03, P205 or K20. * 
7/20 7/27 8/1 8/8 7/20 7/27 8/1 8/8 7/28 7/27 8/1 815 
Days Rust Severity - Estimated 
e 
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A Table  of Areas under Disease P rog re s s  Curves when Disease S e v e r i t i e s  Were 
Observed Twice During t h e  Epidemic a t  D i f f e r e n t  Day I n t e r v a l s  Between 
Observat ions.  
Disease S e v e r i t y  (%) 
Obs. l* Obs. 2* 
Area under the Disease Progress  Curve 
4 day** 7 day** 10 day** 14 day** 
*Observation number. 
**Time i n t e r v a l  between obse rva t ions .  
Disease Severity (%) 












Area under the Disease Progress Curve 
4 day** 7 day** 10 day** 14 day** 





Area u L r u t l L  I-lit: Disease P rog re s s  Curve 
A Table of Areas under Disease Progress Curves when Disease S e v e r i t i e s  Were 
Observed Three Times During t h e  Epidemic a t  Dif ferent  Day I n t e r v a l s  
Betwe 
Disease s e v e r l t  Area under t h e  Disease rrogr c :ve 
4 day** 7 day** 10 day** 
- 
3 5 8 
4 7 10 





**Time i n t e r v a l  between observat ions .  
Disease S e v e r i t y  (%) 
Obs. l* Obs. 2* Obs. 3* 
0 20 20 
Area u n d e r  the Disease P r o g r e s s  Curve 
4 day** 7 day** 10 day** 
Disease Severity (%) 
Obs. 1 Obs. 2 Obs. 3 
0.5 0.5 0.5 
Area under the Disease Progress Curve 
4- 7 day 10 day 
Disease S e v e r i t y  (%) Area under the Disease  Progress  Curve 
4 day 7 day 10 day 
121  212 303 
141  247 353 
161  282 403 
181 317 453 
201 352 503 
221 387 553 
241 422 603 
261  457 653 
281 492 703 
Obs. 1 Obs. 2 Obs. 3 
0.5 20 20 
Disease Seve r i ty  (%) 
Obs. 1 Obs. 2 Ob: 



























Disease Severity (%) 
O b s . 1  Obs.2 O b s .  3 
1 40 40 
Area under the D i s e a s e  P rogress  Curve 
4 day 7 day 10 day 
Area under t h e  Disease Progress Curve 
4 day 7 day 10 d z  
130 228 325 
Disease Severity (%) 
O b s .  1 O b s .  2 O b s .  3 
5 20 20 
5 20 30 
5 20  40 
5 20 50 
5 20 60 
5 20  70 
5 20 80  
5 20  90 
5 20 100 
Disease Seve r i t y  (%I Area under t h e  Disease Pronress  Curve 
Obs. 1 Obs. 2 Obs. 3 











































































































Disease Severity (%) 
O b s .  1 O b s .  2 O b s .  3 
10 80 80 
10 80 90 
10 80 100 
Area under  the Disease P r o ~ r e s s  Curve 
4 day 7 day 10 day_ 
.--- 
500 875 1250 
520 910 1300 
540 945 1350 
Disease Sever i ty  (%) Area under the  Disease Progress Curve 










Disedse Severitv (%I Area under t h e  Disease Progress Curve -
4 day 7 day 10 day 
320 560 800 
340 595 850 
360 630 900 
380 665 950 
400 700 1000 
420 735 1050 
440 770 1100 
-- 
O b s . 1  O b s . 2  Obs. 3 
Disease Severity (%) 
O b s .  1 O b s .  2 O b s .  3 
50 90 90 
50 90 100 
50 100 100 
Area under the D i s e a s e  Pronress Curve 
7 day 
1120 
A Table of Areas under Disease  Progress  Curves when Disease S e v e r i t i e s  were 
Observed Four Times During t h e  Epidemic a t  D i f f e r en t  Day I n t e r v a l s  
Between Observat ions.  
Disease S e v e r i t v  (%) Area under t h e  Disease Progress  Cur\ 















.L.s.rn>_ - & _ . _  _ -  r .I _ r  _ _ _ - _ - - L ~ - - -  
Disease Severity (%) Area Under The Disease Progress Curve 
Obs. 2 Obs. 3 Obs. 4 4 day 7 day 10 day Obs. 1 
Disease Severity (%) Area under the Disease P r o g r e s s  Curve 
-
O b s .  1 O b s .  2 O b s .  3 O b s .  4 4 day 7 day 10 dav  
Disease Seve r i t y  (%) 
Obs. 1 Obs. 2 Obs. 3 Obs. 4 
Area under t he  Disease  Progress  Curve 
4 day 7 day 10 day 
Disease Severity (%) Area under the Disease Progress Curve 
Obs. 1 Obs. 2 Obs. 3 Obs. 4 4 day 7 day 10 day  
- 
Disease Severity (%) 
'Obs. 2 Obs. 3 Obs. 4 
Area Under The Disease Progress Curve 
4 day 7 day 10  day 
124 217 310 
144  252 360 
164 287 410 
184 322 460 
204 357 510 
224 392 560 
244 427 610 
264 462 660 
284 497 710  
Disease Severity (%) Area Under The Disease Progress Curve 
Obs. 1 Obs. 2 Obs. 3 Obs. 4 4 day 7 day 10 day . 
Disease Severity (%) Area Under The Disease Progress Curve 



























































































































Disease, Severity (%) Area Under The Disease Progress Curve 



































































































































































Df sease Severity (%) Area Under The Disease Pronresa Curve 
Obs. 1 4 day 10 day 
Disease Severity (%) Area Under the Disease Progress Curve 
Obs. 1 Obs. 2 Obs. 3 Obs. 4 4 day 7 day 10 day 
Disease Severity (%) 38 Area Under the Disease Progress Curve 
4 d x  
- 









































































































Area Under the Disease Progress Curve 
4 day 7 day 10 day 
Obs. 1 
Disease Severity (%) 
Obs. 2 Obs. 3 Obs. 4 
Area Under the Disease Progress Curve 
4 day 7 day 10 day 





















































Obs. 3 Obs. 4 4 day 7 day 10 day Obs. 1 
Disease Severity (%) 
Obs. 2 Obs. 3 Obs. 4 
Area Under the Disease Progress Curve -











i oo  
Disease Seve r i t y  (%) Area Under the Disease  Progress  Curve 
Obs. 2 Obs. 3 Obs. 4 4 day 7 day 10 day Obs. 1 
O b s .  1 
D i s e a s e  Seve r i ty  (%) 
O b s .  2 O b s .  3 O b s .  4 
A r e a  U n d e r  the  D i s e a s e  Progress Curve 
4 day 7 day 10 day 
Disease Severity (%) Area Under 
+- 
:he Disease Progress Curve 
Obs. 1 O b s .  2 O b s .  3 O b s .  4 4 day 7 day 10 day 
Disease Severity (%) Area Under the Disease Progress  Curvc 
O b s .  1 O b s .  2 O b s .  3 O b s .  4 4 day 7 day 10 day 
Disease Seve r i ty  (%) Area Under t h e  Disease Progress  Curve 
Obs. 3 Obs. 4 4 day  7 day  1 0  day 
D i s e a s e  S e v e r i t v  (%) A r e a  Under the  D i s e a s e  P r o g r e s s  C u r v e  
Obs. 1 O b s .  2 O b s .  3 O b s .  4 4 day 7 day 1 0  day h 
D i s e a s e  Severity (%) 
O b s .  1 O b s .  2 O b s .  3 Obs. 4 
Area Under t h e  Disease  P rog re s s  Curve 
4 day 7 day 10 day 
Area Under t h e  D i s e a s e  P rogress  Curl D i s e a s e  S e v e r i t v  (%I 
O b s .  1 O b s . 2  O b s . 3  O b s .  4 7 day 
Disease  S e v e r i t y  (%) Area Under t he  Disease  P r o m e s s  Curve 
4 day 7 day 10 day 
Disease Severitv (%) Area Under the Disease Progress Curve 
Obs. 1 - C Obs. 3 Obs. 4 4 day 7 day  10 day 
D i s e a s e  S e v e r i t y  (%) Area Under t h e  Disease P rog re s s  Curve 
O b s .  1 O b s .  2 O b s .  3 O b s .  4 4 day 7 day 10 day 
Disease Severitv (%I ~ r e a  Under the Disease Progress Cu 























































































































4 day 7 day 10 d q  
- 
Disease S e v e r i t y  (%) Area Under t h e  Disease P rog re s s  Curve 
4 day 7 day 10 dav 
Disease Severity (%) Area Under the  Disease Progress CI 
4 day 7 day 10 day 
D i s e a s e  S e v e r i z  Area  Under t he  D i s e a s e  P r o g r e s s  Curve 
4 day  7 day 10 day  Obs. 4 O b s .  1 
D i s e a s e  S e v e r i t y  (%) Area Under t h e  Disease  P r o g r e s s  Curve 
Obs. 1 Obs. 2 Obs. 3 Obs. 4 4 day 7 day 10 d a y  
-- 
Disease Severitv (%) Area Under the Disease Proeress Curve 
4 day 7 day 10 day 
Disease Sever i ty  (%) 













































Area Under the  Disease Progress Curve 
4 day 7 day 10 day 
















































Obs. 2 Obs. 3 Obs. 4 4 day 7 d a y  10day  
Disease Seve r i ty  (%) 
Obs. 1 Obs.2 Obs.3 O b s . 4  
Area Under t h e  Disease Progress Curvc 
4 day 7 day 10 day 
Disease Severity (%) Area Under the Disease Progress Curve 
4 day 7 day 10 day Obs. 4 
Disease Severity (%) Area Under The Disease Progress Cur 


































































































































































































































Disease  Severity (%) Area Under The Disease Progress Cur 
Obs. 1 Obs. 2 4 day 7 day 10 day 
Disease Severity (%) Area Under The Disease Progress Curve 
4 day 7 day 10 day Obs. 1 Obs. 2 Obs. 3 Obs. 4 
Disease Severity (%) Area Under The Disease Progress Cu 
Obs. 1 4 day 7 day 10 day 
Area Under The Disease Progress  Curve D i s e a s e  S e v e r i t y  (%) 
O b s .  2 Obs. 3 Obs. 4 4 day 7 day 10 day Obs. 1 
œ is ease Severity (%) Area Under The Disease Progress Curt 








Disease S e v e r i t y  (%) Area Under The Disease P rog re s s  Curve 
Obs. 2 Obs. 3 Obs. 4 4 day 7 day 1 0  day Obs. 1 
Disease Severity (%) Area Under The Disease Progress Cur 
Obs. 1 Obs. 2 Obs. 3 Obs. 4 4 day 10 day 
Disease Severity (%) Area Under The Disease Progress Curve 
4 day 7 day 10 day 
Disease S e v e r i t y  (%) Area Under The Disease  P r o g r e s s  Cu 
Obs. 1 Obs. 2 Obs. 3 06s. 4 4 day 7 day 1 0  day 
Disease S e v e r i t y  (%) Area Under The Disease P rog re s s  Curve 





Dfsease Severity (%) Area Under The Disease Progress Curv 
4 day 7 
- 
10 day Obs. 1 Obs. 2 Obs. 3 Obs. 4 
Disease Sever i ty  (%) Area Under The Disease Progress Curve 
4 day 7 day 10  day Obs. 1 Obs. 2 Obs. 3 Obs. 4 
Disease Severity (%) Area Under The Disease Progress C 
Obs. 1 4 day 7 day 10 d a j  
Disease S e v e r i t y  (%) Area Under The Disease P r o g r e s s  Curve 
Obs. 1 4 day  7 day 1 0  day 
I lll Il Il1 R W Il! Il1 Il1 Ill Ill I I I I 8 0 
ALq1538 2 9 3 3 3 3  
Disease S e v e r i t y  (%) 
Obs. 1 Obs. 2 Obs. 3 Obs. 4 
Area Under t h e  Disease Progre~s~~~~urv~- 
4 day 7 d a ~  10 d .  
--. 
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